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ABSTRACT
Small satellite ground systems development has traditionally been an area in which limiting cost is a paramount
concern. Within the limited funding available for a typical small satellite mission, priority must naturally be given
to the development of the spacecraft and instruments, with ground system development and operation being
secondary. At the same time, individual small satellite operators are often forced to develop new ground systems
from scratch; while the operators of large satellites are able to make use of an extensive portfolio of commercial offthe-shelf (COTS) or government off-the-shelf (GOTS) ground system components to reduce development costs,
such components are too complex and too costly for most small satellite missions.
This paper proposes an approach to reducing the cost of small satellite ground systems through the use of the XML
Telemetric and Command Exchange (XTCE). XTCE is a set of recommendations and standards developed by the
Object Management Group (OMG) and the Consultative Committee on Space Data Systems (CCSDS) which define
an XML information model for describing the format, encoding, and data types of telemetry and command data for a
system, subsystem or instrument on a satellite.
The paper describes a generic implementation of a small satellite ground network and mission operations center
using XTCE; it also offers an analysis of the tradeoffs involved in such an implementation. The analysis
encompasses both technical and financial factors, with particular attention to the compatibility of the resulting
ground system with technologies, components, and networks already used by or available to the satellite operator;
the cost of initial ground system implementation, modification during spacecraft development, and operational and
sustainment costs over the lifetime of the mission; and ground system reusability and interoperability for mission
cross support.
parameter types, encodings, units, alarms, and
containing data structures. On the commanding side,
they describe arguments, argument types, encodings,
units, alarms and containing data structures.

INTRODUCTION
The XML Telemetry and Command Exchange (XTCE)
specification is a XML-based document specification
that is used to describe an information model and data
exchange format for spacecraft telemetry and
commanding. The specification documents detail a
model designed to represent telemetry and commanding
for all phases of a spacecraft, payload and ground
segment design and lifecycle.

REPRESENTATIVE SCENARIO 1
As a representative scenario, consider a proof-ofconcept earth observation mission which utilizes a pair
of small satellites operating in a tandem orbit.
In this scenario, the space segment consists of two
small imagery satellites, Satellite A and Satellite B. As
a consequence of the development process during the
proof-of-concept technology study, the satellites are
non-homogenous; in other words, while the two
satellites have a consistent concept of operations —
both satellites autonomously collect imagery and
transmit it to the mission’s ground segment for
processing — they do not necessarily share an identical
spacecraft bus or instrument composition, and may not
utilize a fully interoperable space-to-ground interface.

The XTCE specifications are split in supplemental and
complementary ways between Object Management
Group (OMG) and Consultative Committee for Space
Data System (CCSDS) specifications. The principal
specification is maintained by the OMG as part of the
Space Domain Task Force (SDTF).
The primary goal of XTCE is to describe the telemetry
and commanding spacecraft databases, in such a way
that is human and machine readable. These databases
define, but are not limited to, telemetry parameters,
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The ground segment for the representative scenario
takes the form of a common ground system that must be
interoperable with both satellites in the constellation.
For the purposes of the representative scenario, it is
assumed that the two satellites will be in Low-Earth
Orbit (LEO) and will consequently utilize common
ground terminal sites, such that a single terminal site
will be required to communicate with both satellites, as
shown in Figures 1 and 2.

homogeneous satellite constellation. The simplest
approach is a duplication of the ground system
components affected by the differences between the
satellites, such as modems or front-end processors
(FEPs), so that each satellite in the constellation has a
dedicated “string” of ground equipment; this approach
is shown in Figure 3.
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Figure 3: Ground System Duplication
Fully duplicating the ground equipment reduces the
complexity of each individual ground system
component, as there is no need for any of the equipment
to support multiple spacecraft. However, the approach
increases the cost of the ground system, and quickly
becomes burdensome if additional satellite variants are
added to the constellation.
An alternative approach, which is widely used in many
ground stations, is to have a subset of the necessary
ground equipment — generally in the form of some or
all of the digital baseband processing equipment, such
as front-end processors or mission gateways —
dedicated to a particular satellite, but to share the other
equipment between satellites, as shown in Figure 4.
This requires either closer interoperability between the
satellites in the constellation or greater configuration
flexibility in the equipment to be shared between them,
but serves to reduce both the overall ground system cost
and the complexity of implementation. It continues to
suffer, however, from the need to introduce further
satellite-specific equipment if additional satellite
variants are added to the constellation.

Figure 2: Ground Contact with Satellite B
Adopting this concept of operations means that the
common ground system must be capable of
accommodating either satellite’s interfaces, data
protocols, and data formats — and must be capable of
doing so in near-real time.
Design Considerations
The principal challenge in designing a common ground
element for a dissimilar satellite constellation is
accommodating the differences in the space-to-ground
interfaces and telemetry and command data formats of
the constellation’s component satellites.
There are a number of design approaches which allow a
single ground segment to interface with a nonIrvin
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Figure 5: Consolidated Processing with XTCE

Figure 4: RF Chain Reuse / Duplicated Processing

REPRESENTATIVE SCENARIO 2
The first representative scenario considers the case
where two satellites must share front-end ground
equipment at a terminal site. As an alternative scenario,
consider the case where two small satellite missions are
controlled from the same mission operations center.
These missions, Satellite C and Satellite D, may have
different requirements for operator displays, mission
scheduling and control, or other aspects of the mission
operations workflow.

If the commonality of the ground equipment is taken
further, it is possible to utilize a third design approach,
in which all of the equipment is shared between the
satellites, and any differences in the protocols and data
formats are handled through satellite-specific databases
or configurations on the shared equipment, as shown in
Figure 5.
This approach requires the greatest configuration
flexibility from the ground equipment, as every
component of the ground system must be capable of
interfacing with every satellite in the constellation, but
is the most cost-efficient of the three options, and
provides the greatest efficiency if additional satellite
variants are added to the constellation, as no additional
equipment is required to accommodate them.
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If the consolidation approach described in the first
scenario (as shown in Figures 4 and 5) is utilized, the
front-end RF and digital processing components can be
shared between the two missions; however the mission
operations elements are still duplicated, as shown in
Figure 7.
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Figure 6: Mission Cross-Support – SemiConsolidated

Figure 7: Mission Cross-Support – Fully
Consolidated

In order to reduce mission operations complexity or
decrease lifetime equipment and staffing costs, further
consolidation may be desired. XTCE-aware missionoperations software can provide further consolidation,
providing the operators consistent applications, with
consistent health and status views, as well as validating
forms for command arguments. Keeping a consistent
application between missions reduces not only cost, but
also reduces development time and cost for telemetry
and command views, as well as reducing operator
retraining for mission cross-support, leading to
decreased risk of operator error.

IMPLEMENTING COMMON SYSTEMS
Returning to the first representative scenario presented
above, consider how a fully shared ground equipment
configuration might be implemented given the
constraints proposed for the scenario.
The two satellites described in the scenario are not
natively interoperable; in other words, there is some
difference in data format or content (whether as a
consequence of the differences in satellite bus and
instruments, or simply due to differing design choices
on the part of the individual satellite manufacturers or
integrators) which makes it impossible for a single
ground system with a fixed configuration to correctly
communicate with both satellites. Consequently, it is
necessary to develop a ground system which can adapt
to the data formats used by each satellite based on some
definition provided by the satellite manufacturer.

A fully-consolidated ground system, in which both
ground terminal and mission operations center
equipment are fully shared and reusable between
missions, is shown in Figure 8. In this configuration,
there is no duplication at all; every ground system
element is capable of dynamically adapting to support
any provisioned satellite mission through the
application of an appropriate spacecraft database or set
of databases.
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There are numerous ways in which the data format
definition for a particular satellite can be expressed.
XTCE, as a standard format, has two principal
advantages in this regard. First, the range of elements
which may be defined under the XTCE specification is
quite extensive, reducing the risk that some format
specific to a particular satellite cannot be documented
in this fashion. Second, the widespread use of XTCE
means that a number of commercial and open-source
tools for manipulating XTCE files already exist. More
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generally, since XTCE definitions are expressed in
XML, any XML processing tool can potentially be used
to manipulate XTCE files, greatly broadening the
portfolio of potential tools.

models and translate them into a structure matching the
corresponding XTCE command definition), as shown in
Figure 9.
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In order to utilize XTCE for processing satellite
telemetry and command data, it is necessary to express
the format and content of the telemetry and command
data structures — whether frames, packets, or some
other, arbitrary format — in the form of an XTCE XML
description.
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Figure 9: XTCE Processor Loaded with
Satellite A’s XTCE Definition
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Once the XTCE definition for a particular satellite is
loaded, the XTCE processing engine performs two
principal functions:
1.

The engine receives bulk telemetry structures
which have been extracted from the satellite
downlink, interprets and processes them in
accordance with the XTCE telemetry
definition, extracts individual telemetry point
values, and performs any necessary unit
conversions, limit checks, and other telemetry
operations.

2.

The engine receives individual commands or
command sequences from the mission
operations system, performs any necessary
unit conversions and limit checks, and
packages the commands into bulk command
structures in accordance with the XTCE
command definition.

Figure 8: XTCE Database Conversion
This may be done natively in cases where the satellite
manufacturer has chosen to utilize XTCE in defining
the space-to-ground and on-board interfaces of the
satellite. In other cases, these interfaces may be
documented in some other form, which must be
converted to XTCE before it can be used, as shown in
Figure 8.
XTCE Processing
Once the XTCE spacecraft databases are constructed,
they may be loaded into a generic XTCE processing
engine. An XTCE engine, in general terms, is a
software component that, given an arbitrary XTCE
definition, is capable of processing, in real time, a
sequence of structures matching that definition to
extract individual telemetry points into an arbitrary data
mode (or, conversely, to take individual command data
Irvin

On the space-facing side of the digital baseband
processing component, a front-end interface serves as
the bridge between the XTCE processing engine and
the modem. The front-end interface is responsible for
performing any pre-XTCE processing, such as
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decrypting the telemetry frames or discarding any fill
data that should not be processed.

operations across multiple individual small satellite
operators and ground stations.

On the ground-facing side of the digital baseband
processing component, a back-end interface serves as
the bridge between the XTCE processing engine and
the mission operations and monitoring and control
system.
The back-end interface is principally
responsible for packaging the telemetry data models
extracted by the XTCE processing engine into a format
that can be transmitted to the mission operations
system; this may itself be defined via XTCE, or may be
some system-specific format, such as JSON
encapsulation.
CONCLUSIONS
The use of a generic XTCE processing engine allows
ground systems – whether front-end digital processing
equipment at the ground terminal or back-end mission
operations systems – to be essentially satellite-agnostic;
so long as the data formats for a particular satellite can
be expressed in the form of an XTCE definition, the
element can process the telemetry and commands for
that satellite. This allows the ground system to easily
accommodate dissimilar satellites, including both
completely independent satellite missions and nonhomogenous constellations performing the same
mission, without the additional complexity and cost that
would result from the use of dedicated, satellite-specific
ground equipment.
Implementing a dynamic, multi-spacecraft and multimission ground system using XTCE offers several key
advantages to the small satellite operator. The wide
availability of low-cost or open-source XTCE
implementations reduces up-front ground system
development costs, while the reusability of the system
allows these costs to be amortized across several
missions rather than requiring each mission to pay for
the cost of a full ground system.
Further, the reusable nature of the system and its ability
to adapt to a particular satellite allows for consistency
in operator interfaces and operational procedures,
reducing training and staffing costs over the lifetime of
each mission and reducing the risk of operator errors as
a result of inconsistent interfaces.
Finally, the use of a common base technology and
mechanism for representing satellite databases allows
for small satellite operators to easily share systems and
technology and to directly provide cross support
between missions, reducing per-mission cost, providing
redundancy and ground system resilience, and allowing
for collaborative emergency and contingency
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